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CFO 17924 US 



REFLECTION MIRROR AND 
OPTICAL EQUIPMENT USING THE SAME 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a reflection 
mirror and optical equipment using the reflection 
mirror, which is stable, has satisfactory durability, 
and provides a high reflectance, for example, in a 
10 predetermined wavelength band in a visible range 
(wavelength: 400 to 700 nm) , and is suitable when 
applied to an optical member used in an optical 
system such as a TV camera, a video camera, a digital 
camera, or the like. 
15 Related Background Art 

Conventionally, a number of exemplary 
reflection mirrors using an Al film are known. 
Recently, however a silver reflection mirror comes to 
be known, which is obtained by vapor-depositing a 
20 silver film having a high reflectance in a wavelength 
of a wide visible range on a resin substrate - 

The silver film as the reflection film has a 
high reflectance. However, when exposed to the 
outside air, the silver film corrodes to decrease a 
25 reflectance. Thus, the silver film has weak 
resistance to the environment. 

Because of the above, the reflection mirror 
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using a silver film requires measures for providing a 
protective film for covering the silver film so as to 
enhance the durability with respect to the 
environment, for example. 
5 Japanese Patent Application Laid-Open No, 

H5-127005 or Japanese Patent Application Laid-Open No. 
H6— 313803 discloses a reflection mirror using a 
sulfide in an underlaying layer (a film provided 
between a substrate and a silver film) or a 

10 protective film for a silver film. 

On the other hand, Japanese Patent Application 
Laid-Open No. H7-005309, Japanese Patent Application 
Laid-Open No. H8-327809, or Japanese Patent 
Application Laid-Open No. 2001-074922 discloses a 

15 reflection mirror using a gold layer film in an 

underlaying layer or a protective film for a silver 
film. 

In addition, reflection mirrors composed of a 
silver film which another material (e.g., Pd, Al or 
20 Au) is added to are also known. 

In the reflection mirrors proposed by the 
above-mentioned applications, a resin substrate is 
used in place of a glass substrate, and measures are 
adopted in order to prevent decreases in durability 
25 and reliability (film peeling, fogging, etc.) caused 
when using an Ag film in place of an Al film. 

However, in the reflection mirrors proposed in 
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the above-mentioned applications, although the 
enhancement of durability and reliability are 
recognized, there is a tendency that an initial 
reflectance after forming a film becomes unstable. 
5 Furthermore, as a result of a reliability test such 
as an adhesion test using a tape, a high-temperature 
test at 80°C for 100 hours, and an environmental test 
at 60°C and a humidity of 90% for 1,000 hours, film 
peeling, fogging, and the like occurred in some cases. 

10 

SUMMARY OF THE INVENTION 

An object of the present invention is to 
provide a reflection mirror in which a resin 
substrate is used, and an underlaying layer and a 

15 protective film is appropriately provided when a 

silver film is provided as a reflection layer on the 
resin substrate, thereby easily obtaining high 
durability and reliability, and to provide an optical 
equipment having the reflection mirror. 

20 In order to attain the above-mentioned object, 

according to a first aspect of the present invention, 
there is provided a reflection mirror including: 
a resin substrate; 

an underlaying layer formed on the resin 
25 substrate, the underlaying layer including at least 
one Ti02 film and at least one AI2O3 film, wherein a 
film of the underlaying layer contacting the resin 



substrate is a Ti02 film; 

a reflection layer composed of an Ag film 
formed on the underlaying layer; and 

a protective layer formed on the reflection 
5 layer, the protective layer including at least one 
Ti02 film and at least one AI2O3 film. 

According to a second aspect of the present 
invention, there is provided a reflection mirror 
according to the first aspect of the invention, in 
10 which the underlaying layer and the protective layer 
are composed of alternate layers of a Ti02 film and 
an AI2O3 film. 

According to a third aspect of the present 
invention, there is provided a reflection mirror 
15 according to the first aspect of the invention, in 

which a film of the underlaying layer contacting the 
reflection mirror is a Ti02 film. 

According to a fourth aspect of the present 
invention, there is provided a reflection mirror 
20 according to the first aspect of the invention, in 
which a geometric total film thickness of the AI2O3 
films included in the underlaying layer is 10 nm or 
more . 

According to a fifth aspect of the present 
25 invention, there is provided a reflection mirror 

according to the fourth aspect of the invention, in 
which a geometric total film thickness of the AI2O3 
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films included in the underlaying layer is 100 nm or 
less . 

According to a sixth aspect of the present 
invention, there is provided a reflection mirror 
5 according to the first aspect of the invention, in 
which a geometric film thickness of the Ti02 film of 
the underlaying layer contacting the resin substrate 
is 80 nm or less. 

According to a seventh aspect of the present 
10 invention, there is provided a reflection mirror 

according to the first aspect of the invention, in 
which the protective layer further includes a film of 
SiOx (l<x<2) having a geometric film thickness of 1 
to 20 nm. 

15 According to an eighth aspect of the present 

invention, there is provided a reflection mirror 
according to the first aspect of the invention, in 
which the underlaying layer is composed of 2 layers 
of a Ti02 film and an AI2O3 film; 3 layers of a Ti02 

20 film, an AI2O3 film, and a Ti02 film; 4 layers of a 
Ti02 film, an AI2O3 film, a Ti02 film, and an AI2O3 
film; or 5 layers of a Ti02 film, an AI2O3 film, a 
T1O2 film, an AI2O3 film, and a Ti02 film, in the 
order from the side of the resin substrate. 

25 According to a ninth aspect of the present 

. invention, there is provided a reflection mirror 
according to the first aspect of the invention, in 
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which the protective layer is composed of 2 layers of 
an AI2O3 film and a Ti02 film; 4 layers of an AI2O3 
film, a Ti02 film, an AI2O3 film, and a Ti02 film; 3 
layers of a Ti02 film, an AI2O3 film, and a Ti02 film; 
5 5 layers of a Ti02 film, an AI2O3 film, a Ti02 film, 

an AI2O3 film, and a Ti02 film; or 3 layers of an AI2O3 
film, a Ti02 film, and an SiOx {l<x<2) film, in the 
order from the side of the resin substrate. 

According to a tenth aspect of the present 

10 invention, there is provided an optical member 

including the reflection mirror according to the 
first aspect of the invention. 

According to an eleventh aspect of the present 
invention, there is provided an optical equipment 

15 including the optical member according to the tenth 
aspect of the invention. 



BRIEF DESCRIPTION OF THE DRAWING 

Figure is a schematic view showing a film 
20 structure of an example according to the present 
invention . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the present invention will be 
25 described in detail by way of an embodiment with 

reference to the drawing. 

FIG. 1 is a schematic cross-sectional view 
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showing the main portion of an embodiment of a 
reflection mirror (silver reflection mirror) 
according to the present invention. In the 
reflection mirror of the present example, an 
5 underlaying layer 20, a silver layer 30, and a 

protective layer 4 0 are provided successively on a 
resin substrate 10. 

More specifically, the underlaying layer 20 
including three layers 21, 22 and 23 is provided on 
10 the resin substrate 10. Then, a reflection layer 
(silver layer) 30, and a protective layer 40 
including two layers 41 and 42 are further provided 
thereon. 

Regarding the number of layers of the 
15 underlaying layer 2 0 and the protective layer 40, any 
number other than the number shown in FIG. 1 may be 
used, as long as it satisfies the following 
conditions. 

Each of the underlaying layer 20 and the 
20 protective layer 40 includes at least one AI2O3 film. 
This is because it was found as a result of the 
examination that in order to enhance the reliability 
of durability of the silver layer 30, it is effective 
to provide films having a low moisture transmittance 
25 and having a high blocking effect with respect to a 
degassing component from the substrate 10 on both 
sides (upper and lower sides) of the silver layer 30. 
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The protective layer 4 0 includes a Ti02 film and 
an AI2O3 film alternately. This is because it was 
found that in the case of a surface reflection mirror, 
a combination of a Ti02 film and an AI2O3 film is 
5 optimum in order to enhance the reliability of a 
reflection mirror as well as to obtain a high 
reflectance. 

The underlaying layer 20 includes a Ti02 film 
and an AI2O3 film alternately. This is because it was 

10 found that in the case of a rear surface reflection 
mirror, in order to enhance the reliability of a 
reflection mirror, in particular, the adhesion 
between the silver layer 30 and the underlaying layer 
20, or the adhesion between the silver layer 30 and 

15 the protective layer 40, as well as to obtain a high 
reflectance, it is effective that the alternate 
layers on both sides of the silver layer are made of 
the same materials and have almost the same structure. 
The film 21 of the underlaying layer 20 

2 0 contacting the resin substrate 10 is formed of a Ti02 
film. This is because it was found that a TiOa film 
is effective for enhancing the reliability of a 
reflection mirror, in particular, the adhesion 
between the resin substrate 10 and the underlaying 

25 layer 20. 

The film 23 of the underlaying layer 20 
contacting the silver layer 30 is formed of a Ti02 
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film. This is because it was found that a Ti02 film 
is effective for enhancing the reliability of a 
reflection mirror, in particular, the adhesion 
between the silver layer 30 and the underlaying layer 
5 20. 

Next, a preferable ^^geometric film thickness" 
(that is, ^^physical film thickness", not an optical 
film thickness '"nd" wherein a film thickness is ^M" 
and a refractive index of a film is ^^n") of each 

10 layer will be described. 

The geometric total film thickness of the AI2O3 
films included in the underlaying layer 20 is set to 
be in a range of 10 nm or more and 100 nm or less. 
This is because it was found that as the geometric 

15 total film thickness of the AI2O3 films in order to 
enhance the reliability of the silver layer 30, in 
particular, to eliminate moisture absorbency and 
fogging of the silver layer 30 due to a degassing 
component from the substrate 10, 10 nm or more is 

20 required. Furthermore, this is because it was found 
that as the geometric total film thickness of the 
AI2O3 films in order to eliminate film floating in an 
environmental test at 60°C and a humidity of 90% for 
1,000 hours, 100 nm or less is preferable. 

25 The film thickness of the Ti02 film 21 of the 

underlaying layer 20 contacting the resin substrate 
10 is set to' '80 nm or less. This is because it was 
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found that as the geometric film thickness of the 
Ti02 films in order to avoid film floating in an 
environmental test at 60°C and a humidity of 90% for 
1,000 hours, 80 nm or less is preferable. 
5 In this embodiment, a second protective layer 

made of SiOx (l<x<2) having a geometric film 
thickness of 1 to 20 nm may be provided on the 
protective layer 40 composed of alternate layers of 
the Ti02 film and the AI2O3 film. This is effective 
10 for enhancing the reliability of a reflection mirror, 
in particular, abrasion resistance of the surface. 

Next, a specific film structure of each example 
according to the present invention will be described. 
(Example 1) 

15 A silver surface reflection mirror was formed 

by a vacuum deposition, using an opaque polycarbonate 
substrate (containing a black component) as a resin 
substrate 10. The film structure was a 5-layer 
structure including, in the order from the side of 

20 the substrate 10, a Ti02 film (refractive index: 

about 2.15) and an AI2O3 film (refractive index: 1.6) 
as an underlaying layer 20; an Ag film as a 
reflection film 30; and an AI2O3 film and a Ti02 film 
' as a protective film 40. 

25 As the respective geometric film thickness, the 

protective layer 40 had 55 nm for the AI2O3 film and 
60 nm for the Ti02 film. The geometric film thickness 
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of each material of the underlaying layer 20 was also 
set almost in the same manner. During formation of 
the films, the substrate was not heated, and as 
vaporization means, an electron gun was used. The 
5 initial reflectance of the silver surface reflection 
mirror was satisfactory, i.e., 97% or more 
(wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test after forming the films by 

10 peeling with a tape, a high-temperature exposure test 
at 80^C for 100 hours, and an environmental test at 
60''C and a humidity of 90% for 1, 000 hours were 
performed. Table 1 shows the results. There was no 
problem in adhesion and an outer appearance in terms 

15 of a practical use. In Table 1, symbols and '"B" 

represent that there are no problems in terms of a 
practical use, and symbol represents that there 

is a problem. 
(Example 2) 

20 A silver surface reflection mirror was formed 

in the same way as in Example 1. The film structure 
was a 6-layer structure including, in the order from 
the side of a substrate 10, a Ti02 film, an AI2O3 film, 
and a TiOa film as an underlaying layer 20; an Ag 

25 film as a reflection film 30; and an AI2O3 film and a 
Ti02 film as a protective layer 4 0. 

A schematic view of the film structure is 
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similar to Figure. As the geometric film thickness, 
the protective layer 40 had 55 nm for the AI2O3 film 
and 60 nm for the Ti02 film. The underlaying layer 20 
had almost the same geometric film thickness as of 
5 the protective layer. The initial reflectance of the 
silver surface reflection mirror was satisfactory, 
i.e., 97% or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 

10 temperature exposure test at 80°C for 100 hours', and 
an environmental test at 60®C and a humidity of 90% 
for 1,000 hours were performed. Table 1 shows the 
results. Both adhesion and an outer appearance were 
satisfactory. 

15 (Example 3) 

A silver surface reflection mirror was formed 
in the same way as in Example 1. The film structure 
was a 9-layer structure including, in the order from 
the side of a substrate 10, a Ti02 film, an AI2O3 film, 

20 a Ti02 film, and an AI2O3 film as an underlaying layer 
20; an Ag film as a reflection film 30; and an AI2O3 
film, a Ti02 film, an AI2O3 film, and a Ti02 film as a 
protective layer 40. As the geometric film thickness, 
the protective layer 40 had 60 nm for the AI2O3 film, 

25 60 nm for the Ti02 film, 95 nm for the AI2O3 film, and 
4 0 nm for the Ti02 film, in the order from the side 
of a silver layer 30. As the respective geometric 
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film thickness, the underlaying layer 20 had 40 nm 
for the Ti02 film, 50 nm for the AI2O3 film, 60 nm for 
the Ti02 film, and 50 nm for the AI2O3 film, in the 
order from the side of the substrate 10. The 
5 protective layer 40 and the underlaying layer 20 had 
almost the same structure, with the silver layer 30 
interposed therebetween. The initial reflectance of 
the silver surface reflection mirror was satisfactory, 
i.e., 98% or more (wavelength: 550 nm) . 

10 In order to evaluate the reliability, an 

initial adhesion test by peeling with a tape, a high- 
temperature exposure test at 80°C for 100 hours, and 
an environmental test at 60°C and a humidity of 90% 
for 1,000 hours were performed. Table 1 shows the 

15 results. As a result of the environmental test, 
slight film floating that cannot be detected by 
visual inspection occurred; however, there were no 
problems both in adhesion and an outer appearance in 
terms of a practical use. 

20 (Example 4) 

A silver surface reflection mirror was formed 
in the same way as in Example 1. The film structure 
was an 11-layer structure including, in the order 
from the side of a substrate 10, a Ti02'film, an AI2O3 

25 film, a Ti02 film, an AI2O3 film, and a Ti02 film as 
an underlaying layer 20; an Ag film as a reflection 
film 30; and a Ti02 film, an AI2O3 film, a Ti02 film. 
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an AI2O3 film, and a Ti02 film as a protective layer 
40. As the geometric film thickness, the protective 
layer 40 had 95 nm for the Ti02 film, 85 nm for the 
AI2O3 film, 60 nm for the Ti02 film, 55 nm for the 
5 AI2O3 film, and 20 nm for the Ti02 film, in the order 
from the side of a silver layer. As the geometric 
film thickness, the underlaying layer 20 had 40 nm 
for the Ti02 film, 10 nm for the AI2O3 film, 60 nm for 
the Ti02 film, 10 nm for the AI2O3 film, and 95 nm for 

10 the Ti02 film, in the order from the side of the 
substrate 10. The protective layer 40 and the 
underlaying layer 20 had almost the same structure in 
a symmetric manner, with the silver layer 30 
interposed therebetween. Each material of the 

15 underlaying layer 20 had almost the same geometric 
film thickness as of the protective layer 40 in a 
symmetric manner, with the silver layer 30 interposed 
therebetween. The initial reflectance of the silver 
surface reflection mirror was satisfactory, i.e., 97% 

20 or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 
temperature exposure test at 80°C for 100 hours, and 
an environmental test at 60°C and a humidity of 90% 

25 for 1,000 hours were performed. Table 1 shows the 

results. Both adhesion and an outer appearance were 
satisfactory. 
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(Example 5) 

A silver surface reflection mirror was formed 
in the same way as in Example 1. The film structure 
was a 7-layer structure including, in the order from 
5 side of a substrate 10, a Ti02 film, an AI2O3 film, 
and a Ti02 film as an underlaying layer 20; an Ag 
film as a reflection film 30; and an AI2O3 film, a 
Ti02 film, and an SiOx film (l<x<2) as a protective 
layer 40. As the geometric film thickness, the 

10 protective layer 40 had 55 nm for the AI2O3 film, 55 
nm for the Ti02 film, and 10 nm for the SiOx film. 
Each film of the underlaying layer 20 was also almost 
the same geometric film thickness as of the 
protective layer. The initial reflectance of the 

15 silver surface reflection mirror was satisfactory, 
i.e., 97% or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 
temperature exposure test at 80°C for 100 hours, and 

20 an environmental test at 60°C and a humidity of 90% 
for 1,000 hours were performed. Table 1 shows the 
results. Both adhesion and an outer appearance were 
satisfactory. Furthermore, as a result of a rubbing 
test with a wet rayon nonwoven fabric, improvement 

25 was observed compared with Example 2. 
(Example 6) 

A silver rear surface reflection mirror was 



- 16 - 



formed in the same way as in Example 1, Here, used 
as the resin substrate 10 was a transparent 
polycarbonate substrate. The film structure was a 7- 
layer structure including, in the order from the side 
5 of a substrate 10, a Ti02 film, an AI2O3 film, and a 
Ti02 film as an underlaying layer 20; an Ag film as a 
reflection film 30; and a TiOz film, an AI2O3 film, 
and a Ti02 film as a protective layer 40. As the 
geometric film thickness, the underlaying layer 20 

10 had 80 nm for the Ti02 film, 80 nm for the AI2O3 film, 
and 105 nm for the Ti02 film, in the order from the 
side of the resin substrate 10. Each film of the 
protective layer 40 was also the same geometric film 
thickness in a symmetric manner, with the silver 

15 layer 30 interposed therebetween. The initial 

reflectance of the silver rear surface reflection 
mirror was satisfactory, i.e., 97% or more 
(wavelength: 550 nm) . 

In order to evaluate the reliability, an 

20 initial adhesion test by peeling with a tape, a high- 
temperature exposure test at BC'C for 100 hours, and 
an environmental test at 60°C and a humidity of 90% 
for 1,000 hours were performed. Table 1 sfiows the 
results. As a result of the environmental test, 

25 slight film floating that cannot be detected by 

visual inspection occurred; however, there were no 
problems both in adhesion and an outer appearance in 
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terms of a practical use. 
(Example 7) 

A silver surface reflection mirror was formed 
in the same way as in Example 2. The film structure 
5 was a 6-layer structure including, in the order from 
the side of a substrate 10, a Ti02 film, an AI2O3 film, 
and a Ti02 film as an underlaying layer 20; an Ag 
film as a reflection film 30; and an AI2O3 film and a 
Ti02 film as a protective layer 40. As the geometric 

10 film thickness, the protective layer 40 had 55 nm for 
the AI2O3 film and 60 nm for the Ti02 film. As the 
geometric film thickness, the underlaying layer 20 
had 60 nm for the Ti02 film, 10 nm for the AI2O3 film, 
and 60 nm for the Ti02 film, in the order from the 

15 side of the substrate 10. The protective layer 40 
and the underlaying layer 20 had almost the same 
structure, with the silver layer 30 interposed 
therebetween. The initial reflectance of the silver 
surface reflection mirror was satisfactory, i.e., 97% 

20 or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 
temperature exposure test at 80°C for 100 hours, and 
an environmental test at 60°C and a humidity of 90% 

25 for 1,000 hours were performed. Table 1 shows the 
results. As a result of the high-temperature 
exposure test, very slight fogging that cannot be 
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detected by visual inspection occurred; however, 
there were no problems both in adhesion and an outer 

appearance in terms of a practical use. 
(Example 8) 

5 A silver surface reflection mirror was formed 

in the same way as in Example 1 . The film structure 
was a 6-layer structure including, in the order from 
the side of a substrate 10, a Ti02 film, an AI2O3 film, 
and a Ti02 film as an underlaying layer 20; an Ag 

10 film as a reflection film 30; and an AI2O3 film and a 
Ti02 film as a protective layer 40. 

As the geometric film thickness, the protective 
layer 40 had 55 nm for the AI2O3 film and 60 nm for 
the Ti02 film. As the geometric film thickness, the 

15 underlaying layer 20 had 60 nm for the Ti02 film, 100 
nm for the AI2O3 film, and 60 nm for the Ti02 film, in 
the order from the side of the substrate 10. The 
protective layer 40 and the underlaying layer 2 0 had 
almost the same structure, with the silver layer 30 

20 interposed therebetween. The initial reflectance of 

the silver surface reflection mirror was satisfactory, 
i.e., 97% or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 

25 temperature exposure test at 80°C for 100 hours, and 
an environmental test at 60*^C and a humidity of 90% 
for 1,000 hours were performed. Table 1 shows the 
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results. As a result of the environmental test, 
slight film floating that cannot be detected by 
visual inspection occurred; however, there were no 
problems both in adhesion and an outer appearance in 
5 terms of a practical use. 

Next, comparative examples will be described 
for comparison with the above examples of the present 
invention . 

(Comparative Example 1) 

10 A silver surface reflection mirror was formed 

by a vacuum deposition, using an opaque polycarbonate 
resin substrate 10 (containing a black component) in 
the same way as Example 1. The film structure was a 
4-layer structure including, in the order from the 

15 side of the substrate 10, a Ti02 film as an 

underlaying layer 20; an Ag film as a reflection film 
30; and an AI2O3 film and a Ti02 film as a protective 
film 40. 

As the geometric film thickness, the protective 
20 layer 40 had 55 nm for the AI2O3 film and 60 nm for 
the Ti02 film. As the geometric film thickness, the 
underlaying layer 20 had 100 nm. The initial 
reflectance of the silver surface reflection mirror 
was satisfactory, i.e., 97% or more (wavelength: 550 
25 nm) . 

In order to evaluate the reliability, an 
initial, adhesion test by peeling with a tape after 
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the film formation, a high-temperature exposure test 
at 80®C for 100 hours, and an environmental test at 
eC'C and a humidity of 90% for 1,000 hours were 
performed. Table 1 shows the results. Adhesion was 
5 satisfactory; however, fogging occurred regarding an 
outer appearance. Thus, the resultant reflection 
mirror was not applicable in terms of a practical use. 
(Comparative Example 2) 

A silver surface reflection mirror was formed 

10 in the same way as in Comparative Example 1. The 

film structure was a 4-layer structure including, in 
the order from the side of a substrate 10, an AI2O3 
film as an underlaying layer 20; an Ag film as a 
reflection film 30; and an AI2O3 film and a Ti02 film 

15 as a protective layer 40. 

As the geometric film thickness, the protective 
layer 40 had 55 nm for the AI2O3 film and 60 nm for 
the Ti02 film. As the geometric film thickness, the 
underlaying layer 20 had 100 nm. The initial 

20 reflectance of the silver surface reflection mirror 
was satisfactory, i.e., 97% or more (wavelength: 550 
nm) . 

In order to evaluate the reliability, an 
initial adhesion test after forming the films by 
25 peeling with a tape, a high-temperature exposure test 
at 80°C for 100 hours, and an environmental test at 
60°C and a humidity of 90% for 1,000 hours were 
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performed. Table 1 shows the results. Regarding an 
outer appearance, fogging did not occur; however, as 
the result of the environmental test, floating that 
can be detected by visual inspection occurred. 
5 Furthermore, regarding adhesion, peeling occurred 

between the substrate 10 and the AI2O3 film or between 
the AI2O3 film and the silver layer 30. Thus, the 
resultant reflection mirror was not applicable in 
terms of a practical use. 

10 (Comparative Example 3) 

A silver surface reflection mirror was formed 
in the same way as in Comparative Example 1 . The 
film structure was a 5~layer structure including, in 
the order from the side of a substrate 10, an SiOx 

15 (l<x<2) film and a TiOa film as an underlaying layer 
20; an Ag film as a reflection film 30; and an AI2O3 
film and a Ti02 film as a protective layer 40. 

As the geometric film thickness, the protective 
layer 40 had 55 nm for the AI2O3 film and 60 nm for 

20 the Ti02 film. As the geometric film thickness, the 
underlaying layer 20 had 50 nm for the SiOx film and 
100 nm for the Ti02 film, in the order from the side 
of substrate 10. The initial reflectance of the 
silver surface reflection mirror was satisfactory, 

25 i.e., 97% or more (wavelength: 550 nm) . 

In order to evaluate the reliability/ an 
initial adhesion test by peeling with a tape after 
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the film formation, a high-temperature exposure test 
at 80^C for 100 hours, and an environmental test at 
eO^'C and a humidity of 90% for 1, 000 hours were 
performed. Table 1 shows the results. Regarding an 
5 outer appearance, fogging occurred. As a result of 
the adhesion test, peeling of the SiOx film from the 
substrate occurred in some cases. Thus, the 
resultant reflection mirror was not applicable in 
terms of a practical use. 

10 (Comparative Example 4) 

A silver surface reflection mirror was formed 
in the same way as in Comparative Example 1. The 
film structure was a 5-layer structure including, in 
the order from the side of a substrate 10, an AI2O3 

15 film and a Ti02 film as an underlaying layer 20; an 

Ag film as a reflection film 30; and an AI2O3 film and 
a Ti02 film as a protective layer 40. As the 
geometric film thickness, the protective layer 40 had 
55 nm for the AI2O3 film and 60 nm for the TiOa film. 

20 Regarding the geometric film thickness of each films 
forming the underlaying layer 20, the AI2O3 film and 
the Ti02 film were made almost the same as those of 
the protection layer 40. The initial reflectance of 
the silver surface reflection mirror was satisfactory, 

25 i.e., 97% or more (wavelength: 550 nm) . 

In order to evaluate the reliability, an 
initial adhesion test by peeling with a tape, a high- 



- 23 - 



temperature exposure test at 80®C for 100 hours, and 
an environmental test at 60°C and a humidity of 90% 
for 1,000 hours were performed. Table 1 shows the 
results. As a result of the adhesion test, peeling 
5 of the AI2O3 film from the substrate occurred in some 
cases. Also, as a result of the environment test, 
floating that can be detected by visual inspection 
occurred. Thus, the resultant reflection mirror was 
not applicable in terms of a practical use. 

10 
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Table 1 



Evalua- 
tion 


Adhesion 


Outer appearance 


Tape test 


Exposure text 
at 80°C for 
100 hours 


Environmental 
test at eC^C, 
90% for 
1,000 hours 


Ex. 1 


B: Peeling 

occurred in 
a very small 
number 


A 


A 


Ex. 2 


A 


A 


A 


Ex. 3 


B: Peeling 

occurred in 
a very small 
number 


A 


B: Slight 

floating 
occurred 


Ex. 4 


A 


A 


A 


Ex. 5 


A 


A 


A 


Ex. 6 


A 


A 


B: Slight 

floating 
occurred 


Ex. 7 


A 


B: Very 
slight 
fogging 


A 


Ex. 8 


A 


A 


B: Slight 

floating 
occurred 


Compar . 
Ex. 1 


A 


C: Fogging 


A 


Compar. 
Ex. 2 


C: Peeling 
occurred 


A 


C: Floating 
occurred 


Compar. 
Ex. 3 


C: Peeling 

occurred 


C: Fogging 


A 


Compar. 
Ex. 4 


C: Peeling 
occurred 


A 


C: Floating 
occurred 



When the reflection mirror having the above- 



mentioned structure is applied to an optical member 
used in an optical system such as a TV camera, a 
5 video camera, a digital camera, or the like, 

satisfactory optical characteristics can be obtained 



with ease . 

According to the present invention, the resin 
substrate is used, and the silver film is provided 
thereon as the reflection layer, whereby the 
reflection mirror in which high durability and 
reliability can easily be obtained, and the optical 
equipment having the reflection mirror can be 
achieved. 

In particular, according to the present 
invention, even when the resin substrate is used, the 
silver reflection mirror excellent in reflection 
characteristics and reliability can be produced. 



